1. Introduction {#sec1}
===============

DN is one of the most serious diabetic microvascular complications and the leading cause of end-stage renal diseases (ESRD); it brings about heavy social and economic burden worldwide, particularly in the developed countries. Both type 1 and type 2 diabetic patients presented indistinguishable and variable pathological changes and clinical course; the prognosis is difficult to predict because of diverse pathogenesis. Clinically, DN is characterised by different degrees of proteinuria, albuminuria, increased serum creatinine (Scr), decreased glomerular filtration rate (GFR), and ESRD \[[@B1], [@B2]\]. Importantly, DN also increases the risks for the development of diabetic macrovascular complications including heart attacks and strokes \[[@B3], [@B4]\]. Pathologically, DN associated histological structural changes include glomerular mesangial expansion, glomerular basement membrane (GBM) thickening, glomerular sclerosis known as Kimmelstiel-Wilson lesions caused by excessive extracellular matrix (ECM) proteins accumulations, and tubulointerstitial fibrosis in the advanced stages \[[@B1], [@B5]\]. Arterial hyalinosis of the afferent and efferent arterioles is often prevalently caused by endothelial dysfunction and inflammation \[[@B2], [@B6], [@B7]\], which will lead to glomerular hyperfiltration.

In the development and progression of DN, resident kidney cells are affected by hyperglycemia: including mesangial cells, podocytes, endothelial cells, smooth muscle cells, inflammatory cells, myofibroblasts, and cells of tubular and collecting duct system \[[@B4]\]. Multiple contributors including environmental and genetic factors are associated with the pathogenesis of DN, which cause metabolic, hemodynamic, and biochemical changes in the diabetic kidneys \[[@B8]\]. Main pathways leading to DN include intracellular PKC activation and increased polyol pathway flux, production of reactive oxygen species (ROS) and advanced glycation end products (AGEs), and hypertension and glomerular hyperfiltration leading to shear stress and mechanical stretch \[[@B8], [@B9]\]. Increased blood glucose activates the renin-angiotensin system (RAS), TGF-*β*-Smad-MAPK pathway, JAK-STAT pathway, and G-protein signaling \[[@B7]\]; aberrant expression of ECM proteins and deregulated expression of cyclin kinases and their inhibitors; transcription factor such as NF-*κ*B \[[@B10]\], proinflammatory cytokines like TNF and IL-1 \[[@B11]\], and toll-like receptors 4 (TLR4) \[[@B12]\], which are considered to exert hemodynamic, proinflammatory, and profibrotic effects on kidney cells \[[@B8], [@B13]\]. There is cross-talk among the above-mentioned signaling pathways, which can amplify aberrant pathogenetic genes expression and lead to the progression of DN. In addition, the phenomenon of metabolic memory regulated by epigenetic mechanisms can promote these genes expressions \[[@B14], [@B15]\]. Although a lot of biochemical and molecular mechanisms and pathways have been broadly studied in the pathogenesis of DN, the undeniable fact is that the progressive incidence and prevalence of DN worldwide still exist, suggesting that more investigations will be needed in the future.

Emerging evidences suggest that multiple signaling pathways activations and key transcription factors (TFs) are associated with the pathophysiology of DN, which could be influenced by epigenetically regulated mechanisms in chromatin (histones form a complex structure with DNA), including DNA methylation, posttranslational modifications (PTMs), and noncoding RNAs (ncRNA), which can modulate gene expression in the cell-type-specific pattern. Core histones are subject to diverse PTMs including histone lysine acetylation (HKAc), histone lysine methylation (HKme), phosphorylation, ubiquitination, and sumoylation. We have implicated the roles of HKme in the pathogenesis of DN \[[@B7]\], especially in the metabolic memory phenomenon pertinent to DN \[[@B2], [@B16], [@B17]\]. Global acetylation alterations have been seen in a lot of human diseases including cancer and nervous system diseases \[[@B18]\], whereas the roles of HAc in the pathogenesis of DN are rarely mentioned.

Recently, some studies showed that HAc level is linked to DN, HATs and HDACs also participate in the pathogenesis of DN, and the research regarding HAc and the covalent enzymes is not enough to yield a clear picture about DN so far. In this review, we describe some progress associated with the molecular mechanism underlying DN, with specific emphasis on HAc and acetylation on nonhistone proteins as important regulators of gene expression in renal cell under diabetic conditions; the regulators of HAc such as HATs as well as HDACs in the development and progression of DN; the inhibitors of HATs/HDACs in the DN pathogenesis and their therapeutic potentials for DN.

2. Histone and Nonhistone Acetylation in DN {#sec2}
===========================================

Reversible acetylation of histones has been demonstrated for more than 50 years \[[@B19]\]. Dynamic balance of histone acetylation and deacetylation can regulate gene expression, chromosome assembly, mitosis, and PTMs \[[@B20]\], by altering the chromatin structure and the accessibility to TFs without affecting the sequence of DNA \[[@B21]\]. HAc is highly reversible and dynamic, which can be catalyzed by HATs or HDACs, respectively. HAc on H3 and H4 has been considered as marker of an "open" configuration of chromatin. HKAc at N-terminal tails can facilitate gene transcription through neutralizing the positive charge of histone residues and weakening the binding of histone to negatively charged DNA \[[@B22], [@B23]\]. HKAc, such as H3K9Ac, H3K14Ac, and H4KAc, is generally linked to permissive gene expression \[[@B24]\], while histone deacetylation is often associated with chromatin condensation and gene transcriptional repression \[[@B25], [@B26]\].

Several previous studies have shown that HKAc at the insulin gene promoter was specific to *β* cells and islet-derived precursor cells, which was highly correlated with the recruitment of p300 \[[@B27], [@B28]\].*In vitro* studies with HDAC inhibitors (HDACI) suggested that HKAc was essential in the development of pancreas \[[@B29]\]. These findings cannot fully demonstrate the underlying mechanism of DN; in this review, we will discuss the current opinions of HAc and nonhistone acetylation on inflammation, fibrosis, and oxidative stress in the development and progression of DN ([Table 1](#tab1){ref-type="table"}).

Recent studies have demonstrated that dysregulated acetylation of core histone is associated with DN. Diabetic patients showed that levels of H3 acetylation at lysine 9 and 14 and H4 acetylation at lysine 5, 8, and 12 were increased at TNF-*α* and COX-2 inflammatory genes promoters in human blood monocytes \[[@B30]\]. Another study showed that oxidized lipids could increase H3K9/14Ac at MCP-1 and IL-6 gene promoters in a CREB/p300-dependent manner, along with the inflammatory genes expression \[[@B31]\]. Advanced DN in db/db mice underwent by uninephrectomy is specifically associated with increased acetylation of H3K9 and H3K23 \[[@B32]\]. A recent study revealed that acetylation of H3K9, H3K18, and H3K23 were significantly increased in the renal cortex of Akita mice, HG and NaB-induced H3K9 and H3K18 acetylation was elevated in the mesangial cells also, which were associated with inflammatory factors such as MCP-1, ICAM-1, VCAM-1, and iNOS expression linked to the development of DN \[[@B33]\]. HKAc mediated by HATs can increase transcriptional activity of proinflammatory NF-*κ*B under diabetic conditions \[[@B30]\]. Thioredoxin-interacting protein (TXNIP) has been demonstrated to play an important role in the pathogenesis of DN. HG-induced TXNIP expression was associated with the stimulation of activating H3K9Ac in MCs of diverse species, which could drive the expression of proinflammatory genes predisposing to DN \[[@B34]\].

TGF-*β*1 is established to be involved in the pathogenesis of DN, the underlying mechanism of which is still unclear. TGF-*β*1 treatment could increase acetylation of histone (H3K9, H3K14, and H3K27) as well as Ets-1 in mouse renal glomerular mesangial cells; furthermore, acetylation of Ets-1 and histone H3 was increased in glomeruli from diabetic db/db mice also, both of which can increase*miR-192* expression contributing to DN \[[@B35]\]. TGF-*β*1 can also mediate the effects of HG \[[@B2]\]. TGF-*β*1 treatment increased H3K9/14Ac at the PAI-1 and p21 promoters near Smad and SP1 binding sites in RMCs, acetylation of Smads was also increased \[[@B37], [@B36]\], and HG-treated RMCs exhibited increased levels of H3K9/14Ac that can be blocked by TGF-*β*1 antibodies, which played an important role in TGF-*β*1 and HG-induced deregulated gene expression associated with hypertrophy and fibrosis linked to DN \[[@B2]\]. HG stimulation can also increase H3K9/14Ac at the RAGE, PAI-1, and MCP-1 promoters, which can be further augmented by HG+Ang II (HG/A), suggesting the key roles of H3K9/14Ac in the key DN-related genes expression \[[@B38]\]. Excessive H3K9/14Ac levels were reported at the CTGF, PAI-1, and FN-1 promoters in diabetic kidneys, which were associated with p300/CBP activation \[[@B39]\]. Although there is a conflicting result in an animal study that the level of H3K9/14Ac was decreased in the STZ-induced type 1 diabetic rat kidney \[[@B40], [@B41]\], the majority of HAc is involved in the development and progression of DN.

For the past few years, the phenomenon "metabolic memory" has been implicated in the pathogenesis of diabetes and its complications such as DN. A study of patients from DCCT conventional treatment groups showed that there was association between HbA1c level and H3K9Ac; hyperacetylated promoters included more than 15 genes related to the NF-*κ*B pathway and could be enriched in genes associated with diabetic complications \[[@B42]\], which may be a possible epigenetic explanation along with HKme \[[@B16], [@B17], [@B43]\] for metabolic memory phenomenon in humans.

Endoplasmic reticulum stress (ERS) is an important mechanism responsible for the pathogenesis of DN. Histone H4 acetylation levels are increased at glucose-regulated protein (GRP78) promoters and decreased at C/EBP-homologous protein (CHOP) promoters, which are associated with renal cell apoptosis, proteinuria, and increases of Scr; these results provide initial experimental evidences for understanding the mechanism of DN \[[@B44]\].

Apart from HAc, nonhistone proteins acetylation can also take part in the pathogenesis of DN. Fork box O4 (Foxo4) transcription factor can be activated to promote podocyte apoptosis by AGEs through*Bcl2111* expression, at the same time, AGE-BSA can also increase Foxo4 acetylation; a recent study showed that alteration of Foxo4 acetylation and downregulation of Sirt1 expression in DM promote podocyte apoptosis; Foxo4 acetylation reduction could be a therapeutic potential for preventing diabetic podocyte loss \[[@B45]\]. Enhanced NF-*κ*B acetylation level was present in both diabetic rats and HG-treated RMC leading to DN in another study, which can be dampened by 3,5-diiodothyronine (T2) involved regulation of SIRT1 \[[@B46]\]; acetylation of NF-*κ*B p65 and STAT3 was increased in both mice and human diabetic kidneys and AGEs induced human podocytes, suggesting their critical roles in DN \[[@B47]\]. NF-*κ*B p65 acetylation was also increased by HG in RMCs, PNS could protect diabetic kidney through decreasing induction of inflammatory cytokines and TGF-*β*1 \[[@B48]\]. Smad 3 acetylation has been implicated in the pathogenesis of DN recently \[[@B49], [@B50]\], overexpression of transcription factor SREBP-1 induces glomerulosclerosis of DN; SREBP-1a K333 acetylation by CBP is required for Smad3 association and SREBP-1 transcriptional activity; both Smad3 and SREBP-1a activation regulates TGF-*β*1 transcriptional responses associated with DN, SREBP-1 inhibition could be a novel therapeutic strategy for DN \[[@B49]\]. Nephrin acetylation in diabetic podocytopathy has seldom been addressed before, a recent study showed that nephrin acetylation was reduced in STZ-induced diabetic mice kidney; increasing miR-29a may protect diabetic podocytopathy by modulating nephrin acetylation \[[@B51]\].

3. HATs and DN {#sec3}
==============

There are two groups of HATs based on their cellular localizations. Type A HATs (nuclear) exist in nucleus, including (1) GNAT (GCN5) family such as GCN5, p/CAF, and ELP3, (2) MYST (HMOF/MYST1, HBO1/MYST2, MOZ/MYST3, MORF/MYST4, and TIP60) family, (3) p300/CBP, (4) basal TF family (TFIIIC and TAF1), and (5) NRCF family, SRC, and ACTR/NCOA3 \[[@B18]\], which can acetylate nucleosomal histones and other chromatin-associated proteins, while type B HATs are cytoplasmic and acetylate newly synthesized histones \[[@B52]\]. HKAc is generally mediated by HATs including p300, CBP, p/CAF, and TIP60, which is associated with gene activation via adding acetyl groups. In addition, HATs can also regulate gene expression through acetylation of nonhistone proteins such as Smads, p53, SP1, and NF-*κ*B.

Among the studies of HATs and their links with DN development,*in vitro* and*in vivo* studies showed that HATs CBP and p/CAF recruitment was increased under diabetic conditions, which led to upregulated HKAc at inflammatory genes promoters continent with the gene expression \[[@B30], [@B53]\]. It was implicated that p300 played important roles in oxidative stress-induced PARP and NF-*κ*B signaling in HG-treated endothelial cells and diabetic kidneys \[[@B53]--[@B55]\]; further study showed that HG upregulated p300, which increased HAc at promoters of key ECM protein FN, as well as vasoactive factors such as ET-1 and VEGF in endothelial cells \[[@B56]\]. Another study showed that TGF-*β*1 increased H3K9/14Ac by recruiting the HATs p300 and CBP; TGF-*β*1 treatment also increased association of p300 with Smad2/3 and SP1, cotransfection experiments showed that p300 and CBP, but not p/CAF, upregulated transcriptional activity of PAI-1 and p21 promoters and increased TGF-*β*1-induced gene expression. On the contrary, inhibition of CBP and p300 by overexpressing dominant-negative mutants could block TGF-*β*1-induced gene expression \[[@B37]\]. P/CAF was found sharply increased in the renal cortex of Akita mice, while GCN5 was significantly decreased in the HG group, suggesting that the inflammatory genes expressions were related to DN \[[@B33]\].*In vivo* and*in vitro* results of another report showed that p/CAF was closely related to H3K18Ac levels at inflammatory molecules ICAM-1 and MCP-1 promoters, which could be a potential therapeutic agent for inflammation-related renal diseases including DN \[[@B57]\]. All the data implied that HATs have critical roles in acetylating both histones and nonhistone proteins in the pathogenesis of DN; these results point to the necessity of further studies on the HATs activity in the development of DN, which may be therapeutic targets in the future.

4. HATs Inhibitors and DN {#sec4}
=========================

In preclinical trials, small-molecule HATs inhibitors have been shown to sensitize cancer cells to ionizing irradiation \[[@B58]\]. Curcumin, the p300/CBP inhibitor \[[@B59]\], extracted from rhizomes of turmeric*Curcuma longa* \[[@B60]\], which was supposed to be a new target molecule for treating CNS disorders and cancer \[[@B61], [@B62]\], was firstly reported to prevent the development of DN involved in the changes of PTMs of histone H3 including acetylation and phosphorylation and the changes in HSP-27 and p38 expression in diabetic rats \[[@B40]\]. Curcumin could also prevent HG-induced key ECM genes and vasoactive factors (eNOS and ET-1) expression levels associated with DN in endothelial cells \[[@B56]\]; it was able to reverse the upregulation of vasoactive factors, TGF-*β*1 and ECM protein FN in STZ-induced diabetic kidneys, which was associated with p300 and NF-*κ*B activity changes \[[@B63]\]. Curcumin was also found to reverse HG-induced cytokines (IL-6, TNF-*α*, and MCP-1) production in human monocytes via epigenetic changes involving NF-*κ*B \[[@B64]\], but dietary curcumin failed to decrease albuminuria either before or after diabetes induction \[[@B65]\]. Curcumin analogue, C66, has been demonstrated to significantly and persistently prevent renal injury and dysfunction in diabetic mice via downregulation of JNK activation and consequent suppression of diabetes-related increases in p300/CBP expression and histone acetylation (H3K9/14Ac) \[[@B39]\].

In a recent study, C646, a novel p300/CBP specific inhibitor, has been declared to specifically suppress the growth of CBP-deficient hematopoietic and lung cancer cells*in vivo* and*in vitro* \[[@B66]\]. In another*in vitro* study, histone H3Ac activated TGF-*β*1/Smad3 pathway during EMT of human peritoneal mesothelial cells; C646 could reverse the mesenchymal phenotype transition \[[@B67]\]. C646 was also reported reversing acetylation involved in HG-induced TXNIP expression leading to DN \[[@B34]\].

5. HDACs and DN {#sec5}
===============

To date, 18 HDACs have been identified in humans and divided into 4 distinct classes based on their homology to yeast HDAC, in which Class I (HDAC1, 2, 3, and 8), Class II including IIa (HDAC4, 5, 7, and 9) and IIb (HDAC6 and 10), and Class IV (HDAC11) have structurally similar zinc-dependent active sites, whereas Class III, sirtuins (SIRTs1-7), are zinc-independent but require cofactor nicotinamide adenine dinucleotide (NAD) \[[@B52]\]. HDACs can remove acetyl groups from conserved lysine residues and nonhistone proteins and generally act as corepressors with some exceptions \[[@B2]\]. Evidence for mechanisms by which HDACs act in controlling DN is accumulating. Most research related to the epigenetics of DN has focused on HAc; different classes of HDACs are involved in distinct pathways that engaged in the pathogenesis of DN.

Overexpression of HDAC1 and HDAC5 blocked TGF-*β*1-induced gene expression, whereas inhibition of HDACs upregulated H3K9/14ac and gene expression, further supporting the key inhibitory roles of HDACs in TGF-*β*1-induced gene expression \[[@B37]\]. A recent study showed that HDAC1 was significantly decreased in the renal cortex of Akita mice, while the levels of HDAC2 in Akita and WT mice were unchanged, and HDAC1 was significantly decreased in HG-cultured HBZY-1 cell, which can upregulate diabetes-, HG-, and NaB-induced histone hyperacetylation leading to inflammatory factors elevation associated with DN \[[@B33]\].

Glomerular sclerosis is also a core characteristic of DN resulting from excessive ECM deposition in the glomerular mesangium and the loss of glomerular epithelial cells, followed by aberrant fibrosis in the glomerular structure. HDAC2 activity was markedly increased in the kidneys of type 1 and type 2 murine models and TGF-*β*1 treated NRK52-E cells, which played an important role in the development of DN \[[@B68]\]. Knockdown of HDAC2 in cell culture reduced ECM components accumulation, further implicating the role of HDAC2 in the fibrosis. Oxidative stress is also of the view to play an important role in regulating fibrosis in DN \[[@B69]\]; a potent oxidative stress inducer H~2~O~2~ can increase HDAC2 levels \[[@B68]\], which may be an underlying mechanism in the pathogenesis of DN.

HDAC4 is regarded as a contributor to podocyte injury in type 1 and type 2 diabetic models and diabetic patients and could suppress autophagy related with podocyte injury in DN by deacetylating STAT1, suggesting that HDAC4 is important to accelerate DN in epigenetic and nonepigenetic mechanisms \[[@B70], [@B71]\].

SIRTs have been shown to be involved in diverse cellular processes such as insulin secretion, cell cycle, and apoptosis \[[@B72]\]. Dysfunction of SIRT1 may contribute to abnormal cancer metabolism, cancer stemness, neurological disorders, obesity, and diabetes \[[@B72]\]. A previous study showed that decreased SIRT1 level in diabetic kidney and intermittent fasting (IF) prevents this decrease; SIRT1-dependent deacetylation is thought to mediate p53 expression and activation, which could play a renoprotective effect of IF in diabetes \[[@B73]\]. Another report showed that resveratrol could prevent decreased SIRT1 and increased p53 expression in diabetic kidney, which could be responsible for preventing apoptosis in type 1 diabetic kidney \[[@B74]\]. Resveratrol has also been demonstrated to reduce oxidative stress and maintain mitochondrial function related with SIRT1 activation in HG-treated MCs and*db/db* diabetic mice \[[@B75], [@B76]\]. SIRT1 in proximal tubules (PT) has been reported to attenuate diabetic albuminuria by suppressing the overexpression of tight junction protein Claudin-1 via hypermethylation of the Claudin-1 gene in podocytes \[[@B77], [@B78]\]. Another previous report showed that SIRT1 could inhibit TGF-*β*1-induced glomerular mesangial cell apoptosis via Smad7 deacetylation \[[@B79]\], and overexpression of SIRT1 attenuated ROS-induced apoptosis in mesangial cells through p53 deacetylation and provided a new therapeutic strategy for kidney glomerular diseases \[[@B80]\]; TSG has been proven to protect DN through inhibiting TGF-*β*1 expression partially mediated by SIRT1 activation \[[@B81]\]. Conditional SIRT1 deletion in podocytes of diabetic db/db mice developed more acetylation of NF-*κ*B p65 and STAT3, proteinuria, and kidney injury compared with db/db mice without SIRT1 deletion, suggesting the protective roles of SIRT1 in TFs acetylation on DN \[[@B47]\]. Dietary restriction was reported to ameliorate DN through regulation of the autophagy via restoration of SIRT1 in diabetic*fa/fa*rats \[[@B82]\]. The beneficial effects of SIRT1 on AGE-associated DN correlate with the activation of*Nrf2/ARE* antioxidative pathway \[[@B83], [@B84]\]. All the findings suggested the possibility of SIRT1 as the target of treatment in DN \[[@B85]--[@B87]\].

Taken together, these studies highlight important and different roles of HDACs in the pathways, and most of them are beneficial, suggesting HDACs will be the targets for the prevention of DN despite the fact that further studies are needed.

6. HDACIs and DN {#sec6}
================

The present HDACIs include both natural and synthetic compounds and are subdivided into 5 categories: short-chain fatty acids, cyclic peptides, benzamides, electrophilic ketones, and small-molecule hydroxamic-acid-derived compounds \[[@B52], [@B88]\]. HDACIs are regarded as potential anticancer agents and are promising for the treatment of a lot of diseases such as inflammation and neurological diseases \[[@B72]\]. Recently, HDACIs have been identified as a novel class of potential therapeutic agents for DN \[[@B89]\]. Here we list some progress of HDACIs applied in the treatment of DN regarding antifibrotic, anti-inflammatory, and antioxidative effects.

Nevertheless, most of the HDACIs are nonselective and target both nuclear histones and cytoplasmic nonhistone proteins \[[@B23]\]. It was found that millimolar concentrations of*n*-butyrate induce accumulations of acetylated histones in cells in the 1970s and inhibited deacetylation \[[@B72], [@B90], [@B91]\]. Sodium butyrate (NaB, a nonselective inhibitor of HDACs), a short-chain fatty acid, can upregulate HAc levels, promote tumor cell senescence and apoptosis, and inhibit tumor cell proliferation \[[@B20]\]. NaB was used as animal feed additive and played a major role in the treatment of neurodegenerative conditions.*In vivo*, it was reported that NaB could not only decrease blood glucose, creatinine, and urea but also ameliorate histological changes, fibrosis, apoptosis, and DNA damage in the kidneys of juvenile diabetic rats \[[@B92]\]. Further studies are needed to provide more evidences and theoretical basis in treating DN.

SAHA (suberoylanilide hydroxamic acid, vorinostat), a nonselective HDACI, designed and synthesized as a hybrid polar compound that can strongly induce erythroid differentiation \[[@B72], [@B93]\], is orally bioavailable and clinically applicable. SAHA can reduce albuminuria, glomerular hypertrophy, and glomerular type IV collagen deposition through an eNOS-dependent mechanism, without affecting blood pressure or blood glucose concentration \[[@B94]\]. Indeed, another study showed that SAHA attenuated early renal enlargement in STZ-induced diabetic rats, which is supposed to be mediated partly through downregulating EGFR \[[@B95]\]. These results indicated the key role of SAHA in attenuating fibrosis and oxidative damage in DN.

Trichostatin A (TSA), the natural product isolated from a*Streptomyces* strain, originally identified as an antifungal antibiotic, was discovered to have potent HDAC inhibition activity in 1990 \[[@B72]\]. TSA was reported to act as an agent in preventing DN in diabetic rats \[[@B32]\], by blocking TGF-*β*1-induced ECM accumulation \[[@B68]\] and EMT in diabetic kidneys \[[@B68]\] as well as in renal epithelial cells \[[@B96]\]; knockdown of HDAC2 had similar effect of TSA treatment mediated by ROS.

Valproic acid (VPA), a broad-spectrum HDACI, is a first-line drug used for the treatment of epilepsy and migraine. VPA treatment alleviated renal injury and fibrosis in STZ-induced diabetic kidney by preventing myofibroblast activation and fibrogenesis through HDAC4/5/7 inhibition in a dose-dependent manner \[[@B97]\], VPA has also been proven to ameliorate the podocyte and renal injuries by facilitating autophagy and inactivation of NF-*κ*B/iNOS pathway \[[@B98]\]. A recent study showed that VPA can attenuate renal injury in a rat model of DN, by upregulating the histone H4 acetylation levels at the promoter of GRP78 and downregulating the histone H4 acetylation at the promoter of CHOP \[[@B44]\].

To our knowledge, at the time of the present review, the molecular implications of HDACIs were identified in the treatment of DN, and the development of selective HDACIs in preventing DN may be part of the most prevalent areas in the drug discovery.

7. Conclusions and Perspectives {#sec7}
===============================

Recent research has concentrated on histone modifications to provide a reliable theoretical basis for clinical treatment. A comprehensive understanding of HAc mechanisms can give rise of novel therapeutic options for DN. Increasing*in vitro* and*in vivo* evidences implicated that reversible histone and nonhistone acetylation play important roles in the pathogenesis of DN, suggesting that HAc regulation could be promising therapeutic targets for DN. HATs and a small number of HDACs provide a central mechanism for regulating gene expression and cellular signaling events in DN ([Table 2](#tab2){ref-type="table"}). Experimental evidences suggest that HATs/HDACs inhibitors and a large number of HDACs can delay the development and progression of DN (Tables [2](#tab2){ref-type="table"} and [3](#tab3){ref-type="table"}). HATs inhibitor curcumin and its analogue C66 could protect renal injuries in diabetic patients and diabetic animal models; Apelin-13 and Esculetin treatment could be innovative therapeutic agents for DN via regulation of HAc also \[[@B33], [@B40], [@B41]\]. Continued research is needed to better understand the roles of HAc in the process of DN, the modifiers and the mechanism that regulate them, and address the curative potential of more selective HATs inhibitors and HDACI in treating DN.
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###### 

Reported histone lysine and nonhistone acetylation in DN.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ac proteins           Acetylation site                          Target genes                                                                           Target renal loci                                                     Effects in DN                                        References
  --------------------- ----------------------------------------- -------------------------------------------------------------------------------------- --------------------------------------------------------------------- ---------------------------------------------------- --------------------
  Histone lysine        H3K9                                      MCP-1, ICAM-1, andVCAM-1; TXNIP                                                        db/db mice kidney;\                                                   Advanced diabetic glomerulosclerosis; inflammation   \[[@B32]--[@B34]\]
                                                                                                                                                         Akita mice renal cortex, MCs                                                                                               

  H3K9/14               TNF-*α*, COX-2;\                          Human blood monocytes; rat VSMCs; MMCs, db/db mice glomeruli; RMCs; STZ-induced mice   Inflammation; increased *miR-192* expression; hypertrophy, fibrosis   \[[@B30], [@B31], [@B35], [@B37], [@B38], [@B39]\]   
                        MCP-1, IL-6; PAI-1, p21; RAGE; CTGF, FN                                                                                                                                                                                                                     

  H3K18                 MCP-1, ICAM-1, and VCAM-1                 Akita mice renal cortex, MCs                                                           Advanced diabetic glomerulosclerosis; inflammation                    \[[@B33]\]                                           

  H3K23                                                           db/db mice kidney                                                                      Advanced diabetic glomerulosclerosis                                  \[[@B32], [@B33]\]                                   

  H3K27                                                           MMCs, db/db mice glomeruli                                                             Increased *miR-192* expression                                        \[[@B35]\]                                           

  H4                    GRP78, CHOP                               STZ-induced rat kidney                                                                 Cell apoptosis, proteinuria, and increase of Scr                      \[[@B44]\]                                           

  H4K5/8/12             TNF-*α*, COX-2                            Human blood monocytes                                                                  Inflammation                                                          \[[@B30]\]                                           

                                                                                                                                                                                                                                                                                    

  Nonhistone proteins   Ets-1                                                                                                                            MMCs, db/db mice glomeruli                                            Increased *miR-192* expression                       \[[@B35]\]

  Foxo4                 *Bcl2111*                                 Podocyte                                                                               Promoting apoptosis                                                   \[[@B45]\]                                           

  NF-*κ*B               TGF-*β*1, FN, and type IV collagen        RMCs, diabetic rats                                                                    UAE increase, matrix expansion, and ECM deposition                    \[[@B46]\]                                           

  NF-*κ*B p65           MCP-1, PAI-1, and TGF-*β*1                Mice and human diabetic kidneys, human podocytes; RMCs;                                Kidney injury; inflammation;                                          \[[@B47], [@B48]\]                                   

  STAT3                                                           mice and human diabetic kidneys; human podocytes                                       Kidney injury                                                         \[[@B47]\]                                           

  Smad3                 SREBP-1; type IV collagen                 MMCs; iHMCs                                                                            Inducing glomerulosclerosis, increased albuminuria                    \[[@B49], [@B50]\]                                   

  Nephrin               WT-1, TGF-*β*1, and FN                    STZ-induced FVB mice, podocyte                                                         Ameliorate HG-induced podocyte dysfunction                            \[[@B51]\]                                           
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Reported HATs/HDACs in DN.

  Enzyme category   Enzymes                     Catalyzed site                                                                                           Target renal loci                                                                                                                Effects in DN                                                               References
  ----------------- --------------------------- -------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------- --------------------
  HATs              CBP                         H3K9/14, H4K5/8/12                                                                                       Human monocytes; RMCs                                                                                                            Inflammation; increased TGF-*β*1-induced genes expression                   \[[@B30], [@B37]\]
  GCN5                                          Akita mice renal cortex                                                                                  Inflammation                                                                                                                     \[[@B33]\]                                                                  
  P300              H3K9/14                     Endothelial cell, diabetic rats; RMCs                                                                    Inflammation, FN, vasoactive factors; increased TGF-*β*1-induced genes expression                                                \[[@B37], [@B54], [@B56]\]                                                  
  p/CAF             H3K9/14, H4K5/8/12; H3K18   Human monocytes; Akita mice renal cortex; db/db mice, human renal proximal tubule epithelial cell line   Inflammation                                                                                                                     \[[@B30], [@B57]\]                                                          
                                                                                                                                                                                                                                                                                                                                                                      
  HDACs             HDAC1                       H3K9/14; H3K9, H3K18                                                                                     RMCs; Akita mice, HBZY-1 cell                                                                                                    Blocking TGF-*β*1-induced gene expression; affecting inflammatory factors   \[[@B33], [@B37]\]
  HDAC2             H3/H4                       Type1/2 murine models, NRK52-E cells                                                                     Promoting fibrosis                                                                                                               \[[@B68]\]                                                                  
  HDAC4                                         Db/db mice, STZ-induced rats, diabetic patients                                                          Contributing to podocyte injury                                                                                                  \[[@B70]\]                                                                  
  HDAC5             H3K9/14                     RMCs                                                                                                     Blocking TGF-*β*1-induced gene expression                                                                                        \[[@B37]\]                                                                  
  SIRT1             NF-*κ*B, STAT3              Renal tubular cells, podocyte; GMCs; db/db mice; diabetic *fa/fa*rats                                    Attenuating albuminuria; inhibiting cell apoptosis; attenuating kidney injury; regulating autophagy; reducing oxidative stress   \[[@B47], [@B75]--[@B80], [@B82]--[@B84]\]                                  

###### 

Effect of inhibitors of HATs/HDACs in DN.

  Inhibitors category   Name                                                Target genes                                         Target renal loci                                                               Effects in DN                                                                                                References
  --------------------- --------------------------------------------------- ---------------------------------------------------- ------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------ ------------------------------------
  HATs inhibitors       Curcumin                                            ECM genes, vasoactive factors; inflammatory genes;   STZ-induced rats; endothelial cell; human monocytes                             Reversing ECM proteins and vasoactive factors upregulation; reverse HG-induced cytokines                     \[[@B40], [@B56], [@B63], [@B64]\]
  C66                   CTGF, PAI-1, and FN-1                               STZ-induced mice                                     Preventing renal fibrosis and dysfunction                                       \[[@B39]\]                                                                                                   
  C646                  TXNIP                                               Diabetic Sur1-E1506K(+/+) mice                       Reversing acetylation leading to DN                                             \[[@B34]\]                                                                                                   
                                                                                                                                                                                                                                                                                                                              
  HDACs inhibitors      NaB                                                                                                      Juvenile diabetic rats                                                          Decreasing blood glucose, creatinine, and urea; ameliorating histological changes, fibrosis, and apoptosis   \[[@B92]\]
  SAHA                  type IV collagen                                    STZ-induced mice, HUVECs; STZ-induced rats, NRK      Decreasing albuminuria, glomerular hypertrophy                                  \[[@B94], [@B95]\]                                                                                           
  TSA                                                                       STZ-induced rats, NRK52-E                            Blocking TGF-*β*1 induced ECM accumulation and EMT                              \[[@B68], [@B96]\]                                                                                           
  VPA                   TGF-*β*1, CTGF, FN, collagen I, COX-2, and ICAM-1   STZ-induced diabetic rats                            Alleviating renal injury and fibrosis; ameliorating podocyte and renal injury   \[[@B97], [@B98]\]                                                                                           
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